Arid and semiarid climates occupy more than 1/4 of the land surface of our planet, and 22 are characterized by a strongly intermittent hydrologic regime, posing a major threat to 23 the development of these regions. Despite this fact, a limited number of studies have 24 focused on the climatic dynamics of precipitation in desert environments, assuming the 25 rainfall input -and their temporal trends -as marginal compared with the evaporative 26 component. Rainfall series at four meteorological stations in the United Arab Emirates 27 (UAE) were analyzed for assessment of trends and detection of change points. The 28 considered variables were total annual, seasonal and monthly rainfall; annual, seasonal 29 and monthly maximum rainfall; and the number of rainy days per year, season and 30 month. For the assessment of the significance of trends, the modified Mann-Kendall test 31
March. Many trends for these months are statistically significant at the 10% level and 35 some trends are significant at the 5% level. These two months account for most of the 36 total annual rainfall in the UAE. To investigate the presence of sudden changes in rainfall 37 time-series, the cumulative sum method and a Bayesian multiple change point detection 38 procedure were applied to annual rainfall series. Results indicate that a change point 39 happened around 1999 at all stations. Analyses were performed to evaluate the evolution 40 8 considered for the computation of annual rainfall series. September 1 st has been selected 146 to start the hydrological year because this date is located during a particularly dry period. 147
The use of the calendar year (January 1 st to December 31 st ) would have resulted in 148 splitting the rainy season between two years. Monthly mean values for each variable are 149 presented in Fig. 2 . This figure indicates that the majority of the rain falls between 150
December and March for all stations. The figure shows also that the peak of the rainy 151 season occurs earlier (December) in the eastern region and later as we go towards the 152 central region of the UAE. The non-parametric test of MK (Mann, 1945; Kendall, 1975 ) was applied to time-series 158 for assessment of trends. For a given data sample 12 , ,..., n x x x of size n, the MK test 159 statistic S is defined by: 
For large values of n, the distribution of the S statistic can be well approximated by a 165 normal distribution, with mean and variance given respectively by: 166
where m is the number of tied values and t i is the number of ties for the i th tied value. The 169 standardized normal test statistic Z s is given by: 170 x , can be estimated with 231 the Theil-Sen's estimator (Theil, 1950; Sen, 1968) , which is given by: 232 The Bayesian multiple change point detection procedure was also applied to each annual 271 series as well as the series of the dates of maximum annual rainfall. True slopes in rainfall variables were investigated with the Theil-Sen's estimator. Table 4  307 gives the slopes for annual rainfall series and monthly rainfall series for months with 308 significant amount of rainfall before and after the change in 1999. Increasing trends for 309 annual rainfalls, when the samples are divided at the change point, are confirmed with 310 positive slopes for all annual rainfall series. 311 in which the maxima occurred can also be observed. Indeed, for the first portion of the 316 series, the annual maxima happened generally during the months of February and March, 317 while they happened usually between December and February for the second portion. 318 Fig. 7 confirms that the overall decrease in annual maximum rainfalls observed in all 319 stations after 1999 is also associated to a shift in the timing of these maxima. In general, 320 17 annual maximum rainfalls seem to be occurring earlier in the winter season during the 321 second segment of the series. 322
A frequency analysis was also performed on the subsamples of each annual time series 323 for all four stations. All the Distributions/Methods presented in Table 2 were fitted to 324 each subsample (before and after 1999) and, based on the Akaïke criterion, the best 325 Distributions/Methods are selected for each one. Results are presented in Table 5 for the 326 annual total rainfalls, annual maximum rainfalls and number of rainy days. Quantiles 327 corresponding to a number of return periods are presented for each subsample. It can be 328 observed that, for most stations and variables, the values of quantiles drop significantly 329 after the change point. Results presented also include the return periods corresponding to 330 the second subsamples. To compute these return periods, the probabilities corresponding 331 to the quantiles obtained from the first subsample of a given rainfall series are obtained 332 from the distribution and parameters fitted on the second subsample. 333
For instance, at the Abu Dhabi station, and for annual maximum rainfalls, the value of the 334 quantile corresponding to the T =10 year return period before 1999 is 71 mm. This same 335 value (71 mm) corresponds to a return period of T = 550 years for the second subsample 336 (after 1999). This drastic increase in the return period corresponding to this annual 337 maximum rainfall value clearly illustrates the differences in the rainfall regimes at the 338 Abu Dhabi station before and after 1999. 339
For the Dubai, Ras Al Khaimah, and Sharjah stations, the return periods corresponding to 340 the 10-year annual maximum rainfall quantile for the first subsample of the series (before 341 1999) correspond respectively to 135 years, 47 years and 35 years for the second 342 18 subsample. The differences of the rainfall regimes before and after 1999 at these four 343 stations are so large that a number of return periods cannot be calculated because, often 344 the value of a quantile from the first subsample falls beyond the upper limit of the 345 distribution fitted on the second subsample. This is true for annual total rainfalls, annual 346 maximum rainfalls and number of rainy days per year (Table 5) . 347
However, it is important to put a word of caution. The use of the results presented above 348 has to be done prudently: While it is important to identify trends and jumps in hydro-349 climatic series, the direct extrapolation of the currently observed trends can be misleading The teleconnection mechanism discussed above shows that ENSO has a strong impact on 418 the UAE precipitation. As discussed previously there exists a change point in the 419 precipitation regime over the UAE around the year 1999. This change should also be 420 This is important because these are also the dominant months for rainfalls in the UAE. 441
The Bayesian change point detection procedure and the cumulative sum procedure 442 detected a change point in 1999 for all rainfall series. A frequency analysis was carried 443 out for every rainfall series and for all sites on data before and after this change point. 444
Results indicate an important drop in rainfall characteristics after 1999. 
